REVISED 5-7-B7

(MIT L]
FHEA MD. __ 2.4.4.2 SHUTTLE LCTV Dl N =
' CRITICAL TTEM: LIST
CRITICALITY 22 SHEET 1 or A

FAILURE MODE AND
CAUSE

FATLURE EFFECT
0N EHD _ITEH

ReTIONAE FOR ACLEFTAHCE

Fan or titt 1imit switch Ffaids in
a shorted mode.

(1} Hercury velay fails sharked.

Q¢8R

Pfan or 1Tt wowvesent will
be inhikited in (M or CWW
diraction af stepper -
matar.

Horsi [dse:
Loss of mission
crithcal videa.

DESTGN FEATURES

The heritage for the PTU machanbems is the dasines wged surcessfully on the Lunar
Aover equipment on kthe dpallo 15, 18, and 17 aissloss.

A1l support bearings 1n the azlmuth and elevation awes are conzervatively designed
when coopared ta the launch Taad anvironment.

" The design was preparsd by & datailad finite elemant anabysis of the structura,.

taking into acceunt the derating for the fakigue cycles rapresented hy 100
missions. A serles of developnental tastse ware canducted ko verify the analytical
andels For Lhe siructure and drive traim analysas. Reviews were huld at praliminsry
deslgn and critical design review lavels to &valuaia tha designs and test dala.

The PTU has been used on 24 mhssivas at foor bulkhead Vocatioas and at tha RNS &]bow
lacation without a Failure in the drive traim, axis support mechanisms, ar slructure.

The mounting provision from tha PTU bage to the orbiter structure and RMS arm was
analyzed Jor worst—case landIng Joads and shonsd adequate margins.
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REVISED 5-7-87 -

LHIT [ [7]
FMEA HO. 2.4.4.¢ SHUTTLE CCTV WE M. 229482 2=502 .50 . 504
CRITICAL ITEMS LEST
CRITICALITY 2/e SHEET £ 0F I
FATLURE MODE AND FAELURE EFFECT
CAUSE OH EHD TTEM RATIONALE EDR ACCEPTANCE
Pan or tilt 1init switch fails fin Pan or tilt wovesent will | QUALIFICATTON TESTS .
a sharbed oode, ba inhiklted ia CH or O
dirgctian of steppar Fur Qualificotion Test Flow, see Table 2 located al tha front of this book.

{1} Hercury relay fails shorted. mokar.

oss of mission
critical videa.




REVISED 5-7-B7

FHEA NO. _ 2.4.4.2

CRITICALLTY 2fd

UNIT PIL
SHUTTLE CCTY OWG K, 22940 Z2-502, 563, 504

CRETICAL TTEHMS LIST
HHEET 3 fF i

FATLVAE HOOE AND
CALSE

FATLURE EFFECT
04 EHD 17EM

BATIOMALE FOR ACCEFTANLE

*an or El1L Yimik switch fails in
1 shorted mode.

'1} Mprcury relay fails shorted.

238K

Pam or tilt movement will
be lnkibited im CH or CwW

divaction af stepper
mkar.

Wotsi [ass:
Loss of mlssion

critical riden.

ACCEPTANCE TEST

The CCTY systems* PTU i subjegted dlrﬂcﬂj:. withaut vimratios feoslators which might
be used in their normal {astz)latiom, to the followhog testimg:

e Vibration: 20-80Hz: 1 dB/Mgt-rise from 8.0l 6% /Hz
B0-358 Hz: 0.04 GEMHz
350-750 Ha: =3 /10 Doi-slope
Tost Duralian: T Hlinute per Axis
Test Laval: 6.6 Gros

s Thernal Yacoum: Ta 3 precsvra of 1X1°3 Torr, the teaperature shall be as
Tellows:

125 F: Time to stablire equipmaat plus ¥ hour
25 F: Time to stablize equipmaat plus ¥ hour
125" F: Flne to stebYize equipmant pluzs 1 bour

The PTU may wut lave been subjected to the vicwus condidion.

for Acceptance Test fFlow, see Table 1 lecated at the front of thiz book.

GPERATIOHAL TESTS

in ordar to werify ihak CCTY conpanenls are aperstional, % test must verify the
healih of all the comnand relakad conponents From the PHS {4751} pane] switch,
through the RCU, through the sync Tines to the CamerasFTL, to the Camera/PTU command
decader. Tha test must aYso verify the camera's ability to produce video, khe VSU's
ahllltt ta route videa, and the monikor's ahi.'lit{ te display viden. A sinitar test
would be performed to verify the HOH cosmsind path.

Pre-baunch un Orbiter Testy/TaFlight Tesk

1. Power CCTY System.

2. Yia the PHS panel. selsck & monikor as destination and tha comery uader
Lestk as spurce.

3. Send *Camera Power On" command fram PHS panel.

4. Select "External Sync" on mitor,

5. Dbserve wideo displayed on manitor. Mote that if vides oa ssoniter is
synchronized (i.e., stable rasterd thea this indicates ihatl Lhe camera
is receiving ¢omposite eync From the RCU and that the camera 45 produring
synchronizéd widen.

6. Send Pan, TIT1E, Focws, Zoon, AL, and Gamma commands and wiswally feither
via the monitor o divecl observationl verify oparatian.

7. Select downlink as destination and caoera wadsr besi a3 Sodria.

A. Dhserve video routed to downlink.

4. Send "Comera Power OfF" conmand vwia PHS panel. '

0. Bepesi Steps 3 through 9 except [sspe cownmands via the HOM coamand path.

s_rnq This mrowes that the COTY equipment is operational.
cL v Ny -



AEVISED 5-7-87

FHEA B0, _ 2.4.4.2

CAITECALITY ife

WIF . PTO._ .
SHUTTLE CLTV WG HO. 2094822582, 503 504

CRITICAL LITERS LIST
SHEET 4 oF A

FAILURE HOBE AHD
CAL

FATLURE EFFELY
{#h EMD ITEH

RATIONAME FOR ACCEPTANCE

Pan or tiTE Tiait switeh fails in
a shorisd node.

{1} Horiury relay fails shorkad.

Pam ar 31t wovenent wild
be imhibited in CM or (MW
dirgciion of steppar
mnator.

Harst Case!
Loss of misstan
critical wideon.

DA/THSPECTTON

Pracevengnt Centra) — The PTU EEE Parts and hardwarq ibams ara pracursd from
approved veadors and soppliers, which meet the requirscents set farth In tha CLTVY
contvact ard Quality Plan Hork Statessnt JWS-25939176). Residest DCAS parsonnal
review all procurement documents o establish Lha need for G51 on selecked parts
(PaI 517).

,[mnj_u_ﬂ_l,n_;uwmgﬂ - Incoming Quality imspections pre pade gn all
veceived materials and parts. Resvlts are recorded by Tot and relained in file by
d.rawl:E and conkrpl nusbers for Future reference and tracﬂbl'litg. A11 EEE parts
arg £ liu:ted o incoming acceptance bests as called fav in PAT 305 - Tncoming
Tmspection Test Instructiiens., Im‘min? flight parts are further precessed in
accordance wlth ACA TH466B4 - Precoaditianing and Accapltasce Requiresents far
Electranic Parts, wikth the exception that PPA and PIND testing i5 net perforaed.
Heckanical items are lospected per PAL 316 - Incoming Inspoctien Lastructisas for
mEchanical items, PAl M5 - Incoming Quality Contrul Twspectlos Tnstroctive, aml
PAL 612 - Procaduré for Processlng Dncomding or Purehased Parts Designated far
Flight Usg. Accapted itens ars delivarad bc Material Controlled Stoeres and retained
under specified conditions until fabricatioen 3s required. Han-confFarming osterials
are held for Material Review Hoard [HRB) dispasitian. {PA] 307, PAL IQC-53M).

= Frior ko th& start of PTU board assembly, all items are
varifiad to be corvect by stock room personnel, as kka ltess are accumulated to Form
a kit. The 1teos are verified again by the pperator weo assembles the kit by
chiecking againit the ac-built-parts-list JAEPL). OCAS Masdatory [nspeckioa Paints
are des?gnited for atl printed circult, wire wrap and welded wire boards, plus
harnees conngetors fer solderving wiring, crimping, celdar splicas and quality
;I'l]l‘lﬁrlil‘lship prior to co2ting of the component skce of boards asd sleeving of
Arnesses.

Specific PTU beard assembly and test instruckions are provided in drawing mates, and
applicable documents are called out in khe Fabricatien Precedure and Recerd
(FPA-2234B22) amd pares Yisk PL 2294822, These iacluds wive connection List 2295901,
Process Standard RTY-H66 728081, Pracess Standard - Bonding elirs Tape HO0D08%,
Specification Seldering 2280041, Specification Mame Plale Applicatien 1960167,
Specificatian - Crimping 2280800, Specificatian - Boading and 3taking 2280878,
Specification - Urethane coating 2280877, Specification — Tocking compaund 2026114,
Specitication Epoxy Adhesive 2018985, Specification = Marking 2280876, Sperification—
Workmanship 803035, Specification Bonding and Staking 2200875, -



REYISED 5-7-87

. ' LIT F1U
FHEA WO. _ ¢.4.4.2 SHUTTLE CCTY WG NO. 2294a22-502 S03. 504
CRITECAL TTEHS LIST
CRITICALITY 24 . SHEEY __§5 = & _7
FATALURE WODE AND FALLURE EFFECT -
_LALISE ON END [TEM BATTOMALE §0R ACCEPTAMLE
Pan ov tilk limik switch fails in Fan or tilt movement will | DASIMSPECTION
a shorted mode. be iahibited in OW or CMW
directian of slepper PIU Assembly and Tegt - An apen box Lest is parformed !Er TP-IT-229%4BI2, amd an Accepltance
€11 Hercury relay fails shorted. makar. Tast per TP-AT-2294822, Wncluding vibration and thermal vacwum. Targuas are spacifiad and
. witnessed, traceability muubars ara racorded and calibraked tools are chached prior
Yorst Case: to use.  RCA Quality and PCAS inapections are performed st the conpletion of
Lass of misshon . specified FPR operalions in accordasce with PA1-Z04, PAI-205, PAI 206 and PAl 217,
: BCAS personnel witness PTU button-up and critical torquing. RCA and DCAS personnel
critical video. @onitor acceptancs tests and review the test datafresults. Thesa persondel also
inspect For conformamce afier all repalr, rawork and retest.
Preparstion for Shipment — The PTU is packaged according ba CCW Lekizr 3011 aad
2300746, Process skandard for Packaging and Haadling gu?ﬂnlinns. ANl relaked
documantakion including assendly irwin?s. Parts List, ABPL, Test Data, ekc, is
gathered and held s 2 documentation folder assigned specifically to each assembly.
Thiz Folder is retained For raference,  An ELOF is prepaced for sach PTU in
accordance with the requiresents of WS-2593176. RACA (C and DCAS personned whimess
craling, packaging, packing and markiey, and revign the EIOF For completeness and
ACEUFACcYy «
i
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REVISED 5-7-B7

FHEA MWD 2.4.1.2

CRIFICALITY /1

URIT [d 1] .
SHUTTLE CCTY ONG HO. £00qpr2-502 . 503,504

CRITICAL TTEMS LIST
SHEET _ &6 oF _ T

FATLURE MDDE AMD

FATLURE EFFECY
DN ENG JTEMN

EATIONALE FOR ACCEFTANGE :

CAUSE
Parn or £i1t Toult cswitch falls in

3 shorled mode.

{1} Hercury relay Fails shorted.

Pag or ti1t movemeat will
be Inhibited in CH or CWM

direction of stepper
makor.

Loss of mhssipa
critical videa.

TR A127% Lpg #0930 PTU S/HO35-503 :

: Acceptance Test Failure, Box Level Wibration Environmast. Afier uni &
panned in ane divection {pan-right) successfully, 1L wauld not move sfFf mechanical

stop when commasded.

Causa: Azinuth nagnets palarizad iacorvectly, and insufficiast shisming betwden
magnet aod turn-off seltch For Z-awis,

Azimykh magnets repotarized and the magnatic asteahly wan
rashimnad.
TOR AZ277 Log #0853 PTH S/HO31-503
t Acceptance Tesk Failure, Hom Lavel, Vihration Envirenmgnk Unit failed e

reverss rotatien on pan Functlom during Z-auwks vibration.

Cause: Switches 51 and 52 aut of pdjustment.
- Shias added to switches. Test procedura ECH {CLT 1022} wrlitten to

C ive Agki
clarify swikch adjustmenk.

TOR WEJDE Loy #OFO1 PTU S/HOZ4-5A3
:  Accaptance Test Faiura, Box Level, Ambient Enviremeent. PTU w1l not

pan in CWACCH pesition.

Cause: 51 swilch wiltl not open vr closa.

Correckive Action: Repdace defactive 31 smitch,
TOR Cd200 Leg #2087 FIU S/ANDE 1-503

Oescription: Flight Failure, Spatecrafi Level. 3TE-510 {30) Cawera C was panned
right near skop and woulé nol pan lefl. _

Cpuse: Anomally could aot be duplicaled during extenslve environmental testing.

Coreects jon: This TOR was closad on the basis that the pan eondition couwld net
fe duplicated during exiensive testing.




REVISED &-T-H7

FHEA MO, _2.4.4.2

CAIFICALITY 272

UNIT [ (1]
SHUTTLE CCTV . WG N0 £29a422-562 503, 504

LRITICAL IWEWS LLET
SHEET I o T

FAILLME HODE AND
CAUSE

FAILURE EFFECT
g END_LEEH

Fan or tilt limik swibtch fails la
4 shortad made.

{1] Harcury relay Fails shorted.

L

TFEI ]

PFan or Lilt movemank will
be inhibited in W ar CWM
dirgetion ofF stepper
nokor.

Loss of misshon
critical video,

BT [OnALE FOR ACCEPTAHCE
OPERATIONAL EFFECTS -

Possible Toss of major mission abjectives due to iaability te pasition canera for
desired FOV. '

CREH ALTION

1f posshble, continue mission using altermate vigual cuas.
CREM TRAINING

Crew should be trained to use possible altermites o COTV.
MISSTOH CONYRAEHY

Where possible procadures should be sesigned se thay can be acconpdished without CLTV.

2208 o AW



